Acacia senegal (L) Willd. and Acacia seyal Del. are highly nitrogen-fixing and moderately salt tolerant species. In this study we focused on the genetic and genomic diversity of Acacia mesorhizobia symbionts from diverse origins in Senegal and investigated possible correlations between the genetic diversity of the strains, their soil of origin, and their tolerance to salinity. We first performed a multi-locus sequence analysis on five markers gene fragments on a collection of 47 mesorhizobia strains of A. senegal and A. seyal from 8 localities. Most of the strains (60%) clustered with the M. plurifarium type strain ORS 1032 T , while the others form four new clades (MSP1 to MSP4). We sequenced and assembled seven draft genomes: four in the M. plurifarium clade (ORS3356, ORS3365, STM8773 and ORS1032 T ), one in MSP1 (STM8789), MSP2 (ORS3359) and MSP3 (ORS3324). The average nucleotide identities between these genomes together with the MLSA analysis reveal three new species of Mesorhizobium. A great variability of salt tolerance was found among the strains with a lack of correlation between the genetic diversity of mesorhizobia, their salt tolerance and the soils samples characteristics. A putative geographical pattern of A. senegal symbionts between the dryland north part and the center of Senegal was found, reflecting adaptations to specific local conditions such as the water regime. However, the presence of salt does not seem to be an important structuring factor of Mesorhizobium species.
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Introduction
taxonomic marker due to its high conservation across Mesorhizobium species [34] . The use of alternative phylogenetic markers is thus very important for species definition within this genus, since some species (e.g. M. mediterraneum and M. temperatum or M. metallidurans and M. gobiense) cannot be distinguished by their 16S rRNA sequence alone [32, 35] . A Multi Locus Sequence Analysis (MLSA) with different core genes has been used previously for phylogenetic purposes in the Mesorhizobium genus [35] [36] [37] [38] [39] [40] .
The average nucleotide identity (ANI) of whole genomes has been recently proposed as an alternative to DNA-DNA hybridizations (DDH) to infer bacterial species affiliation with values of ANI >95% on 69% of conserved DNA matching with the 70% species cut-off of DDH usually kept in taxonomic studies of bacteria [41, 42] . The rapid development of bacterial genome sequencing at low cost coupled with comparative genomics software development (using either Blast or Mummer algorithms) as jSpecies [43] or MUMi [44] give opportunities to use such correlations to infer rapidly the species of a given strain.
It is often difficult to correlate the genetic diversity of rhizobia and their tolerance to several stresses as salinity. Several studies have underlined the lack of correlation between the sampling sites characteristics, the genetic diversity of rhizobia and their tolerance to salinity [33, 45, 46] , while others authors could link the origin of the soil with the salt tolerance of rhizobia [47] .
In this study we analysed the genetic and genomic diversity of A. senegal and A. seyal mesorhizobia symbionts from diverse origins in Senegal and investigated possible correlations between the genetic diversity of the strains, their soil of origin (being under salt-stress or not), and their tolerance to salinity. We first studied at a fine scale the genetic diversity of a collection of mesorhizobia (using Multi Locus Sequence Analysis and genomic fingerprints), inferred their species affiliation using draft genome sequencing and ANI values, and then compared the diversity patterns with salt-tolerance phenotypes and the geographical origin of isolates.
Materials and Methods

Bacterial culture and maintenance
The strains used in this study are listed in Table 1 . They originate either from previous studies (See reference in Table 1 ) or were isolated for this study from nodules on the roots of Acacia senegal or A. seyal growing in pots on soils collected from the field (rhizospheric soil of Acacia). A total of 8 locations (under salt-stress or not, see Fig. 1 and Table 1 for electrical conductivity of soils and gps coordinates), and 36 strains from A. senegal and 11 from A. seyal, were studied. No specific permissions were required for the sampling locations. All strains were kept in 20% (v/v) glycerol at -80°C and cultured either in TY [48] or YEM [49] media in a shaking incubator at 28°C.
Phenotypic tests
Tolerance to sodium chloride (NaCl) of rhizobia was tested in 96 well microplates (Nunc Microwell) in broth TY medium [48] . Microplates containing medium supplemented with increasing amounts of NaCl (0 to 600 mM) were inoculated with pure rhizobial culture suspensions (inoculation with 10 μl at optical density (OD) of 1 in a final volume of 200 μl per well, to reach OD 0.05) and incubated on a rotary shaker (160 rpm) at 28°C. Growth was monitored during 72 h by measuring the OD at 600 nm using a microplate spectrophotometer (TECAN-Infinite M200).
Molecular methods
DNA extraction, PCR and sequencing. DNA extraction was performed using a K proteinase lysis protocol as previously described [50] . All PCR amplifications were performed with GoTaq polymerase (Promega) following manufacturer instructions. The primers used for PCR and sequencing are described in Table 2 . The 16S ribosomal DNA (rDNA) was amplified using the universal eubacterial primers FGPS6 and FGPS1509 [51] . The 16S rDNA amplification was carried out as previously described [52] . Fragments of the house-keeping genes atpD, dnaJ, gyrB, and recA were amplified as described before [35, 39] . The glnA gene was amplified using either GSI3-58F and GSI2-1143R [53] primers or glnA572F and glnA1143R [54] . PCR products were purified and sequenced by Genoscreen Inc. Draft genome sequencing and assembly. For whole genome sequencing, strains were grown in 50 ml of broth Yeast-mannitol medium and DNA isolation was performed using a CTAB (Cetyl trimethyl ammonium bromide) bacterial genomic DNA isolation method. DNA quality and quantity was evaluated on a Nanodrop spectrophotometer. The draft genome of 7 strains was produced using Illumina Hiseq technology at Montpellier Genomix platform (MGX), with paired-end sequencing on 700 bp fragments, read length of 100 bp, at 2000X coverage (1/3 Illumina lane per bacteria, around 60 million reads per strain). Sequences were assembled on CLC Genomic workbench v5, and contigs were filtered on size (>500 bp) and reads coverage (minimum of 200X, average cover at 2000X). Genomes were automatically annotated using the Microscope platform [55] . The comparative genomic study of the 7 strains is part of a separate article.
Rep PCR amplification. Repetitive extragenic palindromic PCR (Rep-PCR) genomic fingerprinting was generated with primers REP1R and REP21, as previously reported [56] . PCR mix and conditions were as described by Mishra et al [57] . Rep PCR amplification product were electrophoresed in a 1% agarose gel in TAE 1X buffer and 0.5 μg of ethidium bromide per ml and photographed under UV light.
Phylogenetic analyses
Gene fragments sequences were corrected with Chromas Pro v1.33 software (Technelysium) and aligned using either ClustalX [58] or muscle as implemented in MEGA6 [59] . Alignments were £: Tolerance to salt in mM as estimated in this study: the number indicates the concentration of salt tested at which the strain still grows.
&: Sud: Sudano-sahelian zone with 500-900 mm of annual rainfall; Sah: Sahelian zone with 300-500 mm of annual rainfall. #: Soil ElectroConductivity (EC) in μS cm -1 . * indicated salted soil according to FAO (>4000 μS cm-1.).
$: Site with numbers corresponds to sites in [22] . corrected manually under Genedoc software [60] when necessary, and recombination in the datasets was evaluated using the Recombination Detection Program (RDP) v4.35 [61] . Recombination was inferred as true when at least two programs of RDP (RDP, Geneconv, Bootscan, MaxChi, Chimaera, Siscan or 3Seq) could detect the same event. Single marker phylogenies were built with MEGA6 using either Neighbor-Joining (with Kimura 2 distance correction method [62] or Maximum likelihood analyses with 1000 bootstrap replicates. A Bayesian phylogenetic tree was built from the concatenate of all 5 gene fragment alignments, using a Markov chain Monte-Carlo (MCMC) analysis. The priors used for the MCMC analysis were based on a GTR+I+G model with 6 types of substitutions, with parameters estimated by maximum likelihood with Modeltest 3.6 [63] .
Average nucleotide identities of whole genomes
Whole genome comparisons using Average Nucleotide Identities (ANI) between genome sequences were produced using jSpecies [43] that use both Blast and Mummer alignments to evaluate whole genome homologies. A blast approach on 1000 bp windows was preferred due to the draft status of genomes. Available genomes of Mesorhizobium were included in the analysis (see Table 3 for Accession numbers). Cut-offs for species delineation were 95% ANI on 69% of conserved DNA according to Goris et al. [41] .
Statistical analysis
Basic statistics as well as multiple correspondence analyses (MCA) were conducted in R v3.1.0 software using Ade4 and FactoMineR modules. Quantitative variables (soil pH, soil electroconductivity and strain tolerance to salinity were transformed into qualitative variables (using different classes). We tested for significant differentiation of populations (in terms of species proportion) between the two sahelian and sudanian climatic zones, and among the three groups of salt tolerance that contained at least three individuals (200, 300 and 400 mM). Unbiased P values were estimated with an exact G tests implemented in Genepop [64] .
Accession numbers
The sequences determined in this study have been deposited in the GenBank database and accession numbers are indicated in S1 Table: 16S rRNA (KJ609577-KJ609603); atpD (KJ648182-KJ648227); dnaJ (KJ648228-KJ648270); glnA (KJ883298-KJ883340); gyrB (KJ648271-KJ648315); recA (KJ609604-KJ609649). Genome assemblies produced in this study have been deposited in the European Nucleotide Archive under Project numbers PRJEB6721 to PRJEB726 and accession numbers ERP006359 to ERP006364.
Results
Multi-Locus Sequence Analysis of the Mesorhizobium collection isolated from two Acacia species from salt-contrasted soils
We first sequenced 1000 bp of the 16S rRNA marker (encompassing its variable part) in all strains (except those already sequenced) and produced a 16S rRNA phylogeny presented in In order to better resolve the genetic diversity of the collection, we produced a multi locus sequence analysis on five house-keeping gene fragments (recA, gyrB, glnA, dnaJ, atpD). Gene markers were chosen according to their use and performance in previous Mesorhizobium diversity studies. The vast majority of gene fragments could be amplified and sequenced in almost all strains using methods and primer sets listed in Mat&Methods and Table 2 , respectively. Aligned partitions of each gene were built, including reference strains (either type strains of Mesorhizobium species and available genomes). The list of reference strains used is presented in S1 Table. Recombination within datasets was assessed to remove sequences displaying horizontal gene transfer (see Mat&Methods for details). Recombination was detected in gyrB of ORS3369, glnA of ORS3404, and dnaJ of ORS3448. These sequences were removed from the datasets to avoid conflicting phylogenetic signals.
The alignments of all genes were concatenated to produce a global alignment of 2637 bp, with atpD (1-421 bp), dnaJ (422-1195 bp), glnA (1196-1606 bp), gyrB (1607-2237 bp) and recA (2238-2637 bp). A Bayesian phylogeny was then built using the prior (estimated by ML) and run parameters as shown on Fig. 3A , and a consensus tree was built. Bootstraps from 1000 replicates obtained from another analysis by maximum likelihood (the ML model being the same than used for the priors of the Bayesian study on all markers) were added to the tree nodes on Fig. 3A . The phylogenetic tree obtained was much more resolved than the 16S rRNA tree, with Mesorhizobium strains from A. senegal and A. seyal being splitted in five clades 
Genomic diversity of bacteria assessed by Rep-PCR fingerprints
Molecular typing of Mesorhizobium strains by Rep-PCR amplification generated multiple amplification products ranging in size from 200 bp to 5000 bp (Fig. 3B) . The results show a high intraspecific variability in the Mesorhizobium clades, with very few identical genome fingerprints among strains. This result mirrors the high number of sampling sites and species diversity and the almost absence of clonal isolates in our collection.
Genome sequencing of representative strains & Average Nucleotide identities
Draft genomes of strains were produced in order to evaluate the genomic diversity of M. plurifarium strains nodulating A. seyal and A. senegal as well as to determine if several species were present in the collection. Whole genome of four strains of M. plurifarium (including the type strain ORS1032 T ) and three strains of Mesorhizobium sp. belonging to clade MSP1 to MSP3 were sequenced. No genome was chosen in clade MSP4 as our preliminary analyses did not detect this new clade, and our criteria included also the salt tolerance and strains in this group did not exhibit interesting phenotypes. Information on the sequencing method is given in the Mat&Method section, and descriptive information on the genomes can be found in Table 3 .
Average nucleotide identities (ANI) were calculated to evaluate species affiliation of strains which genomes were sequenced. According to Richter and Rossello-Mora [43] there is a correlation between the percentage of average nucleotide identity (ANI %) and the percentage of DNA-DNA hybridization, which is a major criteria in bacterial species delineation. The Table 4 contain the matrix of nucleotide identities between whole genomes calculated under jSpecies [43] by the blast method on windows of 1000 bp in size. We colored in gray the ANI% value of strains which genomes identities exhibit the criteria of belonging to the same species as defined by Goris et al [41] . The latter article reported that when strains share an ANI % > 95% on more than 69% of conserved DNA, they would belong to the same species. According to these criteria, ORS3356, ORS3365 and DJ20 share more than 95% ANI with the type strain of M. plurifarium ORS1032 T , and are classified in clade MP in the MLSA tree. The strains STM8789, ORS3359 and ORS3324, respectively belonging to MSP1, MSP2 and MSP3, did not share these criteria with any Mesorhizobium species included in the analysis.
% of ANI were calculated using blastn on 1000 bp windows of the genomes, with jSpecies (see Math&Methods). In bold are indicated ANI matching with the species affiliation cut-off: >95%, with the % of conserved DNA indicated between parentheses (>69%), as defined by Goris et al. and Konstantinidis & Tiedje [41, 42] .
Tolerance to salinity of the collection
Salt tolerance test of all strains (in triplicates) were conducted in microplate in TY broth medium supplemented with 0 to 600 mM of NaCl. Our aim was to establish putative correlations between the salt tolerance phenotype, the species affiliation and/or geographical origin of the isolates. We considered that tolerance of a given strain to a particular concentration of salt was true when the bacteria could still grow at 50% compared to its growth in the same medium without salt (considered as the 100% of growth). As the collection was quite high in number with tests in 7 different concentrations (0, 100, 200, 300, 400, 500 mM) and 3 OD sampling times (24, 41 and 68 hours), we chose to represent the data of the OD growth of the strain at 41h post inoculation of the medium, using a radar graphic, shown in Fig. 4 . The same radar at 24h and 68h is presented in S1 Fig., and histograms of growth% compared to the unsalted control with standard deviation are given for every strain in S2 Fig. For M. plurifarium (MP) and MSP1 species, half of the strains were highly impacted in their growth at 300 mM (growth <50% compared to control) and most could not grow (OD not exceeding 0.3) at 400 mM of salt in the medium. Some strains exhibited a better tolerance to salinity and could still grow up to 400 mM (ORS1032, Dj20, Sd11, Sod14, Sod10 and Sod15). Some strains could even grow at 500 mM of salt: Dj16 and Dj20 for MP, Sod10 for MSP1. The few strains of MSP2, MSP3 and MSP4 were poorly tolerant to salt (even at 200 mM), and strains of MSP4 did not even grew well at low salt concentrations, probably due to the growth conditions that might be unadapted to this species.
Correspondence Analyses between salt responses, genetic typing and the origin of strains
We performed a multivariate correspondence analysis (MCA) in order to study the distribution of our strains according to the following parameters: tolerance of strains, species, plant host, and pedoclimatic conditions of the sampling sites (soil pH and electro-conductivity (EC), geographical origin, eco-geographical and climatic zones). Quantitative variables were transformed in qualitative variable using different classes with biological relevance (pH, tolerance to salinity, EC). The results are presented as a MCA plot in S3 Fig. (A) and factors from the MCA are represented individually in S3 Fig. (B) . As observed, there was no correlation between the distribution of strains and their salt tolerance, their species affiliation, and/or their geographical or soil of origin (being salted or not). We tested for significant differentiation of populations (in terms of species proportion) between the two sSahelian and Sudano-sahelian climatic zones, and among the three groups of salt tolerance that contained at least three individuals (200, 300 and 400 mM). There was no significant difference among the three groups of salt tolerance (all pairs of population, p values from 0.45 to 1). Conversely, the two climatic zones (marked by different annual rainfall amounts) were significantly differentiated (p = 0), reflecting a different composition of species between them. Indeed the MP, MSP2 and MSP3 species were only detected in the Sudano-Sahelien zone, while MSP1 was detected in both SudanoSahelian and Sahelian zones, and MSP4 was only found in the Sahelian zone. However the species MSP2, MSP3 and MSP4 contain very few strains and thus we cannot conclude about their geographical pattern (though we can conclude that these species are quite rare compared to MSP1 and MP). For MP and MSP1 the geographical pattern seems to be clear and thus related to the eco-climatic zones (rainfall) rather than the salinity of the soils.
Discussion
Mesorhizobium strains of Acacia seyal and A. senegal belong mainly to M. plurifarium but also to at least three new species
The MLSA phylogeny based on 5 housekeeping genes showed a higher species diversity of Mesorhizobium strains nodulating A. seyal and A. senegal than previously expected. Most of the strains (60%) clustered with the M. plurifarium type strain ORS 1032 T , as previously reported for some of them [22] [23] [24] [25] 27] . The rest of the strains were distributed in four new clades, which happen to be new species for at least 3 of them (MSP1 to MSP3) according to the average nucleotide identities of genomes of representative strains in each clade. Unfortunately we did not sequence a representative strain of MSP4 as we did not initially expect this clade in the first results of the single markers phylogenies. The ANI has been proposed as an alternative to DNA-DNA hybridizations (DDH) to infer bacterial species affiliation ( [41, 42] . If we apply the cut-offs of species delineation as previously published (ANI>95% on 69% of conserved DNA), then the MLSA phylogeny of Acacia mesorhizobia fits perfectly with the ANI-based species affiliation. The use of ANI seems to be a good species assessment in the Mesorhizobium genus, as there was also no conflict of ANI values between known Mesorhizobium species (Table 4 , all known species comparison gave ANI <95%). The ANI between reference strains also confirms the belonging of the strain MAFF303099 to a separate species from M. loti (89.35% ANI with M. loti USDA3471 T ) as suggested by Turner et al. [65] and Wang et al. [66] . Our study also confirms the good performance of the 5 markers used (atpD, dnaJ, gyrB, recA and glnA) in Mesorhizobium diversity studies as previously reported for rhizobia [28, [35] [36] [37] 39, 53, 67] . Our results thus suggest three new species of Mesorhizobium nodulating both Acacia species. Two of the new clades were anticipated to be separate species from MP as they clustered separately in the IGS spacer phylogeny (as ORS3359 and ORS3324) of the Diouf et al. [22] study, though not in their 16S rDNA phylogeny (this study, [22] , [24] ). It is interesting to note that MSP1 was only detected in A. senegal nodules, while MP was found in the nodules of both Acacia species. A recent analysis of nodulation genes clustered Mesorhizobium strains (MP, MSP2, MSP3) according to their host of origin: strains from the MSP1 clade (all from A. senegal) were clustered with M. plurifarium strains from A. senegal in their nodA, nodC and nifH phylogenies (Bakhoum et al., Microbial Ecology, in press). In the case of A. seyal strains, these are all grouped together in the nodA and nodC phylogenies [33] . The only exception of this latter study was the nodC of ORS3324 that grouped with the nodC of the Ensifer arboris type strain. As we sequenced the full genome of ORS3324, we analyzed its nodC in the genome data and found out that it grouped together with the other A. seyal mesorhizobia (ORS3359 and ORS3324 sharing 100% nucleotide on nodA and nodC), thus the nodC fragment published in Diouf et al. [33] shall be considered as an error.
The nodulation ability of strains was assessed on A. seyal and A. senegal and all strains were able to nodulate both species, whatever their species affiliation or their nodA allele. Such ability is correlated with previous articles showing that strains of the large M. plurifarium clade (also described as Cluster U in previous studies) share similar nodulation host range on Acacia, Prosopis and Leucaena species [25, 68] , and thus their host range shall not explain their geographical distribution.
The tolerance to NaCl is highly variable among M. plurifarium and MSP1 species-whatever their geographical and pedoclimatic origin A great variability of response to salt of Acacia mesorhizobia from MP and MSP1 was found. Conversely, strains of MSP2 to MSP4 did not exhibit high salt tolerance, but given the low number of strains in each of these species it is difficult to conclude to a species effect. Taken altogether, the mesorhizobia strains were mostly salt tolerant at 200 mM (i.e. with a growth at least of 50% compared to the control without salt), as 95% and 43% of strains could still grow at 200 mM and 300 mM of NaCl, respectively. For the species MP, 100% of strains could grow at 200 mM, while 48% and 14% of strains tolerate 300 mM and 400 mM of NaCl, respectively, and one (STM8773) tolerate 500 mM. It has been previously shown that the M. plurifarium type strain ORS1032
T was more tolerant to heat and salt than several other type strains of Mesorhizobium species [31] . In our study, ORS1032
T tolerate 400 mM of salt, together with others strains. The MP species could thus be more tolerant than others Mesorhizobium species, but a larger study including many strains from the different species is required to infer this question. Another species detected in this study, MSP1, seems well adapted to salt tolerance. The ability of some symbiotically effective strains to tolerate high salinity is promising with regard to improving host plant reestablishment in salt affected soils [46, 69] . We investigated possible links between the genetic diversity of mesorhizobia, their salt tolerance and the soils samples characteristics. However, we found a total lack of correlation between these parameters. The most salt-tolerant strains (up to 500 mM, as STM8773 and STM8789) were isolated from non-saline areas. These results are similar to previous studies of Thrall et al. [46] who found also salt-tolerant strains (up to 400 mM) from nodules of Acacia decurrens in non-saline sites. Several studies have underlined the lack of correlation between the sampling sites characteristics, the genetic diversity of rhizobia and the tolerance to salinity of rhizobial isolates ( [33, 45, 46] . In Senegal, Diouf et al [22] found a weak influence of soil characteristics (pH and salt) on the distribution of rhizobial populations of A. seyal in the Groundnut Basin, as observed in our study at a larger scale. A possible explanation for this lack of correlation could be that the soil is not homogeneous as shown by van Asten et al. [70] who found large differences in salinity and alkalinity levels at short distances in salt affected areas. Such conditions would allow the persistence of various phenotypic traits among rhizobial populations. Rhizobia might also be protected in the nodules, explaining why non-tolerant strains can be detected in highly saline soils. The accumulation of certain compounds, including osmoprotectants (as trehalose and Poly β-hydroxybutyrate) and compatible solutes, may also increase the osmotic tolerance of rhizobia [71] [72] [73] .
On the other hand, we found a putative geographical pattern of A. senegal symbionts between the dryland north part and the center of Senegal. The MSP1 strains were found both in the center and north part of the country while MSP4 and M. plurifarium species were found only in the north and the center part of the country, respectively. Such specific distribution of Mesorhizobium species has also been observed on Caragana spp. symbionts in three ecoregions of China [74] . The geographical pattern of symbionts observed in our study could be linked to the annual rainfall characteristics of each site, as observed for Vigna unguiculata symbionts in Senegal [75] . Indeed, the M. plurifarium strains were only found in the center of the Sudano-Sahelian zone where annual rainfall is between 500 and 900 mm, while no strain of this clade was found in the Kamb and Dahra sites, located in the arid regions of the sahelian zone where annual rainfall varied between 250 and 500 mm (Fig. 1) . This result implies that M. plurifarium strains would not be well adapted to dryland conditions. On the other hand, the MSP1 strains from the Kamb soil were shown to be tolerant to water stress when testing their growth with different concentrations of polyethylene glycol [24] . Wade et al [75] found also an eco-geographical diversity of cowpea bradyrhizobia in Senegal marked by the dominance of two genetic types depending on annual rainfall. These authors concluded a possible role of the water regime and the pH in shaping the cowpea bradyrhizobia genotypic distribution, noticing that strains isolated from the northern region were, generally, more adapted to water stress and slightly alkaline soils. The observed geographical distribution of Acacia mesorhizobia could thus reflect particular adaptations of each species to specific local conditions as the water regime, but the presence of salt does not seem to be an important structuring factor of Mesorhizobium species.
Supporting Information S1 Table. Genbank accession numbers of all sequences from this study. Acacia mesorhizobia from Senegal and type strain of rhizobial species with corresponding GenBank records (accesssion numbers or Gene ID). A) Multivariate correspondence analysis factor map for Mesorhizobium strains (in blue) with factors: strain tolerance (T100 to T500 corresponding to tolerance to 100 to 500 mM of NaCl, in green), pH of soil of origin (in medium blue, defined into 5 classes: 4, 5, 6, 6.5, 7), species assignment (in black, MP for M. plurifarium, MSP1 to MSP4 as defined in the study), name of site of origin (in red), presence of salt in soil of origin (in pale blue, S = Salted (Electroconductivity>4000 μS.cm), MS = moderately salted (400<EC<4000), NS = not salted (EC<400)), plant host (in orange), Ecogeographic zones (in brown), and climatic zone (in pink with Sah for Sahelian and Sud for sudano-sahelian zone). The MCA analysis was performed with MineFactorR under R software. B) Distribution of each factor in the MCA analysis. For Species: MP means M. plurifarium, MSP1 to MSP4 correspond to the new species. For NaCl tolerance: the number indicates the concentration in mM in the medium at which the bacteria could still grow >50% compared to the negative control without salt. For soil pH: exact values were transformed into classes by agglomerating close values to the value of 4, 5, 6, 6.5, and 7. For soil salt content, NS means not salted (Electroconductivity <400 uS.cm), MS moderately salted (400<EC<4000 uS.cm), and S salted (EC >4000 uS.cm, as defined by F.A.O.) For Clim (climatic zone): Sah = sahelian zone as defined in the map in Fig. 1 . For Ecogeo (Ecogeographical region). BassinArachidier means groundnut basin. For Geo: Geographical origin, indicate the locality of origin of the strains. (DOCX)
